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Abstract 
The purpose of this study is to investigate the factors influencing the course marks of underachieved Mathematics courses and examine their 
relationships. As international research studies have also reported some underachievement in Mathematics, there is a strong need to investigate 
on the influencing factors contributed to the underachievement in Mathematics education. The instruments of this study consisted of the 
questionnaire on lecturers’ opinions, the report on final examination analysis and students’ particulars as noted in the registration database. The 
respondents consisted of 1050 full-time students from a public university in Sarawak, Malaysia. From the findings, Pre-Calculus, Calculus I, 
Mathematics II and Engineering Mathematics I were categorised as underachieved Mathematics courses. SPM Additional Mathematics had the 
strongest impact on Pre-Calculus, and it was also a good predictor of the course marks of underachieved Mathematics courses. Class size had 
significant influence on Pre-Calculus but not the other Mathematics courses. Gender played a significant role in determining the underachieved 
Mathematics course marks. Further, it was also discovered that female students outperformed male students in all the investigated courses. This 
study concluded with some recommendations to improve the current Mathematics learning situation. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
 
Mathematics is recognized as a pre-requisite knowledge and skills to many future careers. Every area of Mathematics has its own 
unique applications to different career options. Knowing that the ability to master the Mathematics skills is an important indicator 
of potential for students’ success, most programmes of studies in the university level is required to include Mathematics courses 
as compulsory subjects.  
 
There exists a strong relationship between students’ attitudes and Mathematics achievement levels. Some studies have suggested 
that achievement levels have a causal influence on students’ attitudes (Hannula, 2002; Lopez et al., 1997), while other studies see 
the influence as reversed, that is, students’ attitudes affect achievement levels whereby an increased in positive attitudes toward 
Mathematics may increase students’ achievement levels and students’ enrolment in Mathematics courses (Papanastasiou, 2002; 
Higbee & Thomas, 1999).  
 
For many years, concerns have been expressed about the underachievement in Mathematics. The poor results in Mathematics 
achievement indirectly affect the students’ overall academic performance. As international research studies have also reported 
some underachievement in Mathematics (Gynnild et al., 2005; Borba, 2005; Lax, 1990; Douglas, 1998), there is a strong need to 
investigate on the influencing factors contributed to the underachievement in Mathematics education. Inspired by this, a study 
was conducted to achieve the following objectives: 
1. To investigate the factors influencing the students’ course marks of underachieved Mathematics courses.  
2. To examine the relationships of the influencing factors.  
 
This study concluded with some recommendations to improve the current Mathematics learning situation. 
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2. Literature review 
 
Numerous literatures have revealed students’ underachievement in Mathematics across various levels of studies. According to 
NCES (2003), only about 58% of countries that participated in the Trends in International Mathematics and Science Study 
(TIMSS) in 2003 scored above the international average, which raised worldwide concerns. In Norwegian University of Science 
and Technology, a failure rate of 21.5% to 39.2% had been recorded in a first-year introductory Calculus course (Gynnild et al., 
2005). In 2005, an online news forum estimated that 66% of Calculus I students of Fresno State would not pass the course 
(Borba, 2005).  
 
2.1 Class size, gender and Mathematics background 
 
The urgency to raise Mathematics achievement levels has led to the identification of a host of factors, which is said to contribute 
to the differences in students’ Mathematics performance. Basic Mathematics knowledge, universally, had been documented as an 
essential variable in the discussion of university students’ Mathematics achievement (Yudariah & Roselainy, 1997; Gynnild et 
al., 2005; Hailikari et al., 2007). Gynnild et al. (2005) indicated that lacked of basic skills and knowledge in Mathematics was 
one of the three major reasons for students to fail their Calculus course. According to Yudariah and Roselainy (1997), students 
who did poorly in their SPM Additional Mathematics or did not take the subject at all, usually scored poorly in the first year 
Basic Mathematics and Basic Calculus examinations at university level. Besides, students having learned only SPM Mathematics 
will not have sufficient mathematical skills to learn advanced Mathematics at university level. Further, Hailikari (2009) revealed 
the significance of prior knowledge over self-beliefs in predicting students’ Mathematics achievement. 
  
Class size is an emerging issue, which had been debated from the perspectives of its definition, magnitude and effect on students’ 
achievement to the evidence and politics viewpoints (Hanushek, 1999; Mishel & Rothstein, 2002; Blatchford, 2003). Englehart 
(2007) included contextual factors into the research of class size on classroom-level assessments, and concluded that class size 
reduction might benefit certain settings. To date, there is no concrete evidence on the effectiveness of class size reduction for 
higher learning institutions. In light of the increment in students’ enrollment in several universities, there is a need to determine 
the effect of class size on students’ Mathematics achievement. 
  
The role of gender in students’ Mathematics achievement has continued to interest many researchers in the field of education, 
psychology and sociology (Gallagher & Kaufman, 2005). While some studies reported on higher mathematical achievement 
among male students as compared to the females (Gurian, Henley & Trueman, 2001; Li, 2004), recent studies showed that the 
gender gap had been gradually minimized around the world. In China, Tsui (2007) reported on no gender differences in the 
overall Mathematics achievement among 1,078 high-school seniors on the 2002 College Entrance Examination. In Malaysia, 
referring to the statistics obtained from the Malaysian Examination Syndicate (as cited in Hamzah, Ariffin & Yassin, 2006), 
female students had outperformed male students in the SPM Mathematics for five consecutive years (2000 – 2004). This is an 
interesting result, which may carry an explanation to an underlying trend of gender differences in Mathematics achievement 
among students in the public university.  
 
2.2  Improvement strategies 
 
Educators in higher learning institutions have embarked on studies to improve students’ achievement in Mathematics. In teaching 
Calculus to students of higher learning institutions, Zhang (2003) proposed the method of student-centered over the traditional 
way. It is believed that when students engaged actively in the learning process with the guidance of a teacher as facilitator, the 
students will eventually learn the inter-relationships of mathematical concepts in a creative manner. Stigler and James (2004) 
used video survey to document the practices of teaching in normal classrooms, which naturally varied across cultures and 
languages of different countries. It was reported that in order to improve students’ Mathematics achievement, firstly, teacher 
must be able to teach in such a way that allows interaction of ideas and knowledge between the students at large and the teacher. 
Further, Wang (2004) suggested that group projects be employed in the teaching of Numerical Analysis so that students can take 
the role of researchers at an early stage of their mathematical studies. According to Prins (2009), the size of class and students’ 




This study employed ex post facto research design. In an ex post facto research, the relationships and effects among the variables 
are studied as they have occurred in a natural setting (Wiersma, 1995). This study looked into the factors that influenced the 
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3.1 Respondents and instruments 
 
In this study, the respondents consisted of 1050 full-time students from a public university in Sarawak, Malaysia. The data of the 
respondents were taken for four consecutive years from the different batches of students who had registered in the underachieved 
Mathematics courses. The underachievement in Mathematics courses comprised Mathematics courses having average passing 
rate below 70% for four consecutive years (Tang et al., 2008). The instruments of this study consisted of the questionnaire on 
lecturers’ opinions toward underachieved Mathematics courses, report on final examination analysis and students’ particulars as 
noted in the university registration database.  
 
3.2 Data collection and analysis 
 
A questionnaire was distributed to the lecturers to gather their opinions toward underachieved Mathematics courses. From the 
questionnaire, the lecturers’ indication on the students’ difficulty level of underachieved Mathematics courses and some of the 
factors that were believed to influence the students’ underachievement in Mathematics courses were collected. The students’ 
course marks of underachieved Mathematics courses and the size of Mathematics class were obtained from the report of final 
examination analysis. Meanwhile, the students’ particulars such as SPM Mathematics grades, SPM Additional Mathematics 
grades and gender were obtained from the university registration database.  
 
The data were analyzed by using Statistical Package for Social Sciences (SPSS). Descriptive statistics, such as mean was 
calculated. Pearson product-moment correlation coefficients were calculated to identify correlations, if any, for the course marks 
of underachieved Mathematics courses and the influencing factors. Multiple regression analysis was performed to determine 
whether the factors contribute significantly to the variation in underachieved Mathematics course marks. Step-wise discriminant 
analysis was carried out to develop a predictive model for the performance of underachieved Mathematics courses with respect to 




This section reports the findings of the data analysis that was carried out to study the factors influencing the students’ course 
marks of the underachieved Mathematics courses and the possible relationships of the influencing factors from a public 
university in Sarawak, Malaysia.  
 
4.1 Underachievement in Mathematics courses 
 
In this study,  Pre-Calculus, Calculus I, Mathematics II and Engineering Mathematics I were recognized as underachieved 
Mathematics courses, which achieved an average passing rate below 70%. While Engineering Mathematics I was taken by final 
year university students, the other three courses were taken by first year university students. Overall, these courses were offered 
in Science-based programmes. Essentially, these underachieved courses had a significant portion of Pre-Calculus and Basic 
Calculus. Eleven lecturers (4 males, 7 females) who had taught the underachieved Mathematics courses gave their views as 
follow. 
 
4.1.1 Students’ difficulty  
 
Lecturers’ indication on students’ difficulty level of underachieved Mathematics courses (“1.0” = very easy … “5.0” = very 
difficult) recorded ratings of above average. Among the four underachieved Mathematics courses, Pre-Calculus had the lowest 
rating of 3.67, Calculus I and Mathematics II were rated 4.25 and 4.50, respectively while Engineering Mathematics I was rated  
as very difficult (5.0). Both Pre-Calculus and Calculus I were studied by students of Science-based programmes, whereas the 
Engineering programmes students learned Mathematics II and Engineering Mathematics I. This indicated that Engineering 
students were having a more challenging and difficult time in learning Mathematics courses as compared to Science students in 
their studies. 
 
4.1.2 Influencing factors 
 
Lecturers expressed their concerns on some of the factors that were believed to influence students’ underachievement in 
Mathematics courses. Student’s attitude and Mathematics background were identified by lecturers as the major influencing 
factors to the poor performance in underachieved Mathematics courses. Listed were the accounts made by the lecturers: 
“Students are generally weak in manipulating algebraic skills to solve Mathematics problems. They face difficulty in relating 
Mathematics prior knowledge to university Mathematics courses”; “I am quite surprise to see that some students did not have the 
right concepts on the very basic theory of Mathematics – though they had learned Additional Mathematics. At times, I wonder 
whether the current practice of having a pass in SPM Additional Mathematics as an entry requirement to science programmes is 
really sufficient”. 
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The relatively packed syllabus in Mathematics courses must be completed within few weeks of lessons in a particular semester, 
where class size became an important factor that determined the effectiveness of teaching and learning, and eventually the 
Mathematics achievement of students. These were the responses made by the lecturers: “Tutorial lesson is quite taxing when I 
have many students in a huge class with weak mathematical skills. With so many topics to deliver, the time for drilling is rather 
limited”; “With large class, students usually have less chance to voice their problems. The girls will be a little too shy to speak 
aloud”; “For active learners, big class is fine because students can learn from knowledge sharing; but small class is better for 
weak students because they need more attention from lecturer”. 
  
Reasons for students’ underachievement in Mathematics were also related to lecturers’ teaching approach, teaching experience 
and preparedness. The following were the explanations given by the lecturers: “Lecturers tend to throw formulas to students, 
expect them to memorize, reproduce and apply in solving word problem. Where is the conceptual understanding?”; “Students can 
underachieve due to lecturer’s poor attitudes, such as lateness to class, wasting time in class by telling irrelevant stories or jokes, 
giving impromptu quizzes and even being bad-tempered”. 
               
4.2 Mathematics course marks and the influencing factors  
 
Analysis was carried out to investigate the impact of the influencing factors on the course marks of the underachieved 
Mathematics courses. Due to some limitation and constraints, only three factors were taken into consideration, which were the 
students’ Mathematics background, Mathematics class size and students’ gender. 
 
4.2.1. Students’ Mathematics background 
 
To study on the students’ Mathematics background, the grades of Mathematics and Additional Mathematics in SPM 
examinations were analyzed. The output on correlation (refer Table 1) shows that there was a significant positive correlation 
between students’ course marks and SPM Mathematics grades across all underachieved Mathematics courses. This indicated that 
SPM Mathematics directly affected these underachieved Mathematics courses. Similarly, a stronger positive correlation was 
found between students’ course marks and SPM Additional Mathematics grades, which suggested that SPM Additional 
Mathematics significantly influenced the students’ Mathematics performance at the university level.  
 
4.2.2. Mathematics class size 
 
From Table 1, it  was found that there was no significant correlation between the class size and the course marks of Pre-Calculus, 
Mathematics II and Engineering Mathematics I (p>.05). However, there was a positive but weak relationship between the class 
size and the students’ course marks of Calculus I. The class size varied between 15 and 55 students. 
 
Table 1. Pearson Correlation between course marks of underachieved Mathematics courses and influencing factors 
 
Course Mark Class Size SPM Math SPM Add Math
Eng. Mathematics I Pearson Correlation -.097 .124(*) .215(**)
Sig. (2-tailed) .116 .046 .001
N 267 258 253
Mathematics II Pearson Correlation .072 .163(**) .328(**)
Sig. (2-tailed) .255 .010 .000
N 254 250 244
Calculus 1  Pearson Correlation .166(**) .199(**) .355(**)
Sig. (2-tailed) .012 .003 .000
N 228 222 222
Pre-Calculus  Pearson Correlation .059 .386(**) .563(**)
Sig. (2-tailed) .304 .000 .000
N 301 278 277
                   ** Correlation is significant at the 0.01 level (2-tailed). 
                   *  Correlation is significant at the 0.05 level (2-tailed). 
 
4.2.3.  Students’ gender 
 
To compare the course marks of the underachieved Mathematics courses across gender, the mean marks between genders were 
determined. The results obtained in Table 2 shows that female students tend to perform better than male students in all the 
underachieved Mathematics courses. The overall mean course marks of the underachieved Mathematics courses for both male 
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Table 2.  Mean course marks of underachieved Mathematics courses across gender 
 
Course Eng. Mathematics I Mathematics II Calculus I Pre-Calculus 
Gender Male Female Male Female Male Female Male Female 
N 149 118 172 82 67 161 103 198 
Mean 48.9262 53.2288 46.1221 48.7927 51.4776 53.3168 52.3592 55.7475 
 
4.3 The relationships between the underachieved Mathematics courses and the influencing factors 
 
In examining the relationships between the dependent variable (the underachieved Mathematics course marks) and the whole set 
of influencing factors (SPM Mathematics grades, SPM Additional Mathematics grades, Mathematics class size and students’ 
gender), multiple regression was carried out. By using the standard model for regression, all the influencing factors were entered 
into the regression equation simultaneously. As an oval shape was obtained in the scatter plots of residuals for all the four 
underachieved Mathematics courses, the rule of homoscedasticity was not violated. Hence, the assumption of constant variance 
was valid. 
Table 3. Model summary 
 
Model R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson 
Eng. Mathematics I .306(a) .094 .079 14.69110 1.814
Mathematics II .355(a) .126 .111 13.44708 2.020
Calculus I .382(a) .146 .130 13.82762 1.604
Pre-Calculus .586(a) .343 .334 11.73202 1.638
                   a Predictors: (Constant), Gender(Code), Mathematics Class Size, SPM Additional Mathematics grades, SPM  Mathematics grades 
                   b Dependent Variable: course marks of the underachieved Mathematics courses 
 
Results obtained from the Model Summary (refer Table 3) shows the R-square values for all the four models. These values 
indicated the amount of variance in the dependent variable that can be explained by each model. Pre-Calculus indicated the 
highest value of 34.3%, followed by Calculus I (14.6%), Mathematics II (12.6%) and Engineering Mathematics I (9.4%).  As the 
R-square values were closer to 0, the models were not the perfect models to produce an overall predictive accuracy.  An 
independence observations evaluated from the Durbin-Watson statistics displayed values between 1.6 and 2.0, consistent with the 
assumption of no autocorrelation in the residuals. 
 
Table 4.  ANOVAb 
 
Model  Sum of Squares df Mean Square F Sig. 
Eng. Mathematics I Regression 5524.323 4 1381.081 6.399 .000(a) 
 Residual 53525.448 248 215.828   
 Total 59049.771 252     
Mathematics II Regression 6234.167 4 1558.542 8.619 .000(a) 
 Residual 43216.894 239 180.824   
 Total 49451.061 243     
Calculus I Regression 7071.641 4 1767.910 9.246 .000(a) 
 Residual 41491.044 217 191.203   
 Total 48562.685 221     
Pre-Calculus Regression 19586.680 4 4896.670 35.576 .000(a) 
 Residual 37438.179 272 137.640   
 Total 57024.859 276     
                                   a Predictors: (Constant), Gender(Code), Mathematics Class Size, SPM Additional Mathematics grades, SPM Mathematics grades 
                                   b Dependent Variable: Course marks of the underachieved Mathematics courses 
 
The output generated in the ANOVA table (refer Table 4) implies that this regression model was significant for all the four 
underachieved Mathematics courses (p<.05).  It was further indicated by the F-values i.e. F(4, 248) = 6.399 for Engineering 
Mathematics I; F(4, 239) = 8.619 for Mathematics II; F(4, 217) = 9.246 for Calculus I and F(4, 272) = 35.576 for Pre-Calculus. 
This showed that at least one of the suggested influencing factors was a significant predictor to the course marks of the 
underachieved Mathematics courses.  
 
Table 5.  Coefficientsa 
 
Model   Unstandardized Standardized t Sig. Collinearity Statistics
    B Std. Error Beta   Tolerance VIF
 (Constant) 42.567 7.221 5.894 .000 
Eng. Math I Math Class -.150 .080 -.114 -1.879 .061 .987 1.013
  Gender (Code) -6.093 1.917 -.197 -3.178 .002 .953 1.049
  SPM Math 1.021 1.022 .077 1.000 .318 .616 1.623
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  SPM Add 1.856 .747 .189 2.483 .014 .628 1.592
 (Constant) 34.686 10.082 3.440 .001
Math II Math Class .060 .192 .019 .312 .755 .980 1.020
  Gender (Code) -4.019 1.880 -.133 -2.138 .034 .951 1.051
  SPM Math -.239 1.036 -.017 -.231 .818 .651 1.535
  SPM Add 3.102 .651 .354 4.763 .000 .660 1.515
 (Constant) 36.782 6.694 5.495 .000
Calculus I Math Class .259 .145 .115 1.790 .075 .947 1.056
  Gender (Code) -3.071 2.087 -.094 -1.472 .143 .973 1.028
  SPM Math -.528 .893 -.047 -.591 .555 .637 1.570
  SPM Add 3.197 .670 .369 4.770 .000 .659 1.519
 (Constant) 22.580 5.949 3.795 .000
Pre-Calculus Math Class .240 .118 .101 2.030 .043 .975 1.026
  Gender (Code) -3.358 1.535 -.109 -2.187 .030 .967 1.034
  SPM Math .699 .675 .063 1.036 .301 .658 1.520
  SPM Add 4.460 .504 .529 8.842 .000 .676 1.480
              a Dependent Variable: Course marks of the underachieved Mathematics courses 
              * p < .05 
 
SPM Additional Mathematics had the strongest influence on all the underachieved Mathematics courses marks except for 
Engineering Mathematics I, which was influenced more by gender (refer Table 5). Observation on the t-values indicated that 
SPM Additional Mathematics was a high significant predictor in determining students’ course marks (p<.05). The results also 
indicated that SPM Additional Mathematics had the strongest impact on the Mathematics course marks in Pre-Calculus, but 
seemed to diminish in higher level Mathematics. Obviously, the results underscored the importance of basic skills and knowledge 
in Additional Mathematics for Mathematics learning at the university level.  
  
Besides SPM Additional Mathematics, students’ gender also had a strong influence on all the underachieved Mathematics 
courses marks, except for Calculus 1. Moreover, the statistics on the variable gender indicated that female students performed 
better than their male counterparts in all the four underachievement Mathematics courses. On the other hand, class size was only 
significant to the course marks of Pre-Calculus while SPM Mathematics was not a significant predictor to all the four 
underachieved Mathematics course marks. The tolerance values between .616 – .987 and variance inflation factor (VIF) values of 
1.013 – 1.623 showed that the assumption of no collinearity was valid. The regression equation was written as: 
Course Mark = β 0+β 1(Math Class Size)+β 2[Gender(Code)]+β 3(SPM Math)+β 4(SPM Add Math)    
where β i, i = 0,1,2,3,4 are the regression constants    
  
Further regression analysis was carried out by using the stepwise method, in which the best significant model for each of the 
underachieved Mathematics courses was generated (refer Table 6). It was found that the best models for both Engineering 
Mathematics I and Mathematics II had two common significant predictors, namely SPM Additional Mathematics grades and 
gender. The statistics obtained indicated that these two variables explained 7.8% and 12.6% of the variations in Engineering 
Mathematics I and Mathematics II course marks respectively. However, the best model for Calculus I was significantly 
determined by SPM Additional Mathematics grade alone, which accounted for about 12.6% of the variance in its course mark. 
For Pre-Calculus, its best model was explained by three predictors, where Mathematics class size, SPM Additional Mathematics 
grade and gender altogether detailed variability of 34.1% to its course mark. The results obtained shows that SPM Additional 
Mathematics grade was the best predictor to the course mark of underachieved Mathematics courses, while SPM Mathematics 
grade failed to meet the selection criteria (p-value > .05). Hence, in the interest of best model, SPM Mathematics grade was 
excluded in the prediction of course mark for underachieved Mathematics courses. 
        
Table 6.  Best Model of underachieved Mathematics courses 
 
 
          
Dependent Variable: Course marks of the underachieved Mathematics courses 
 
Engineering Mathematics I Mathematics II Calculus I Pre-Calculus
Coefficient Beta t Beta t Beta t Beta t
Math Class Size .108 2.188
SPM Add Math .240 3.918 .347 5.701 .355 5.638 .564 11.455
Gender (Code) -.180 -2.930 -.136 -2.241 -.118 -2.387
F-stat. 10.559 17.298 31.785 47.064
Sig. .000 .000 .000 .000
R Square .078 .126 .126 .341
Adjusted R Square .071 .118 .122 .334
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5.  Conclusions and Recommendations 
 
Literature search and the lecturers’ responses have helped to identify the pertinent factors that may account for the 
underachievement in Mathematics courses. Due to certain limitation and constraints, only students’ Mathematics background, 
Mathematics class size and students’ gender were analyzed in this study. SPM Additional Mathematics is a good predictor to the 
course marks of underachieved Mathematics courses. This is due to the fact that students who have learned SPM Additional 
Mathematics are introduced to the knowledge of Pre-Calculus, which served as preparatory fundamentals to Tertiary 
Mathematics learning. Thus, its impact on the underachieved Mathematics courses is substantial. This finding is supported by 
Garton et al. (2000) and Murtaugh et al. (1999) whereby they identified high school grade point average as a predictor for 
students’ first year academic performance in tertiary level learning. Additionally, the result is also consistent with many 
researches (Yudariah & Roselainy, 1997; Gynnild et al., 2005; Hailikari et al., 2007) which documented basic Mathematics 
knowledge as an essential variable in the discussion of university students’ Mathematics achievement.  
  
Mathematics class size had significant influence on Pre-Calculus but not the other underachieved Mathematics courses. This is 
owing to the reason that students initially encountered transition problem from school to university, but as they progressed to 
later semesters, they have learned to cope with large class in the university. More lecturer-student interaction and personal 
attention as timely feedback is needed to facilitate the students’ learning (Gibbs & Simpson, 2002). This finding is parallel to 
Gilman et al. (1988) in which class size was associated with students’ academic performance and Englehart (2007) that class size 
reduction might benefit certain settings. Further, this study showed that female students outperformed male students in all the 
underachieved Mathematics courses. Gender played a role in affecting the course marks of underachieved Mathematics courses. 
This finding is in resemblance to those reported by Brandell et al. (2007), Wedege (2007) and Kaiser (2003). Although SPM 
Mathematics grade was correlated to the course marks of underachieved Mathematics courses but it was found to be insignificant 
in the regression model. This finding is similar to Yudariah and Roselainy (1997) that students who had learned only SPM 
Mathematics would not have sufficient mathematical background for learning tertiary level Mathematics. 
  
Serious considerations on the influencing factors are necessarily important in order to counter the problems of students’ 
underachievement in Mathematics courses. It is recommended that the future intakes of university students into Science-based 
programmes and Engineering programmes should have good grade in SPM Additional Mathematics since our result indicated 
that SPM Additional Mathematics is a good predictor to the course marks of underachieved Mathematics courses. Smaller class 
size can be implemented at the early years of the programme as students may initially encounter transition problem from 
secondary school to university. These students need time to adjust and cope with the new learning environment in the university, 
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